Multiple alcohol dehydrogenases (ADH) were demonstrated in Acinetobacter sp. strain HO1-N. ADH-A and ADH-B were distinguished on the basis of electrophoretic mobility, pyridine nucleotide cofactor requirement, and substrate specificity. ADH Acinetobacter sp. strain HO1-N grows on n-alkanes (C1o to C20) (18), primary aliphatic alcohols (C2 to C5 and C12 to C16), and aliphatic aldehydes (C12 to C16) (17). A number of ADHs have been described in Acinetobacter species. Three different ADH activities were detected in Acinetobacter calcoaceticus NCIB 8250: one specific for the oxidation of aromatic alcohols; one for secondary aliphatic alcohols; and one for primary aliphatic alcohols (C. A. Fewson, Biochem J. 101:21p). More recently, two ADHs involved in primary alcohol oxidation were detected in this strain: one an NADlinked inducible ethanol dehydrogenase (EDH) and the second an NADP-linked ADH specific for primary alcohols 2 to 14 carbon atoms in chain length (7). A. calcoaceticus LMD79.39 contains at least two soluble NAD-linked ADHs:
hexadecanol-grown cells, respectively. HDH was distinct from ADH-A and ADH-B, since (i) HDH and ADH-A were not coinduced; (ii) Ethl had wild-type levels of HDH; and (iii) HDH requires NAD, while ADH-B requires NADP. NAD-and NADP-independent HDH activity was not detected in the soluble or membrane fraction of extracts derived from hexadecane-or hexadecanol-grown cells. NAD-linked HDH appears to possess a functional role in hexadecane and hexadecanol dissimilation.
Alcohols are considered primary intermediates in bacterial alkane dissimilation, undergoing oxidation to aldehyde via alcohol dehydrogenase (ADH) in the following metabolic sequence: alkane -* alcohol --aldehyde -* fatty acid (for a review see reference 15) . The biocheniical pathway of alkane metabolism in Acinetobacter sp. strain HO1-N remains unresolved. The role of hexadecanol as an intermediate in the pathway has been questioned due to its presence in an end product of hexadecane metabolism, hexadecylpalmitate (17) .
Acinetobacter sp. strain HO1-N grows on n-alkanes (C1o to C20) (18) , primary aliphatic alcohols (C2 to C5 and C12 to C16), and aliphatic aldehydes (C12 to C16) (17) . A number of ADHs have been described in Acinetobacter species. Three different ADH activities were detected in Acinetobacter calcoaceticus NCIB 8250: one specific for the oxidation of aromatic alcohols; one for secondary aliphatic alcohols; and one for primary aliphatic alcohols (C. A. Fewson, Biochem J. 101:21p). More recently, two ADHs involved in primary alcohol oxidation were detected in this strain: one an NADlinked inducible ethanol dehydrogenase (EDH) and the second an NADP-linked ADH specific for primary alcohols 2 to 14 carbon atoms in chain length (7) . A. calcoaceticus LMD79.39 contains at least two soluble NAD-linked ADHs:
one an inducible enzyme specific for the oxidation of ethanol and the other for the oxidation of longer-chain-length (eight and nine carbon-atom) alcohols (2) . A. calcoaceticus 69V contains a soluble, constitutive, NADP-dependent ADH with an apparent molecular weight of 235,000 which oxidizes alcohols C2 to C1o in chain length (21) . Alkane-grown cells of this strain possess an NAD(P)-independent ADH (22) .
In this study, three different ADH activities were detected in Acinetobacter sp. strain HO1-N: ADH-A, a soluble, NAD-linked, inducible EDH; ADH-B, a soluble NADPlinked, constitutive ADH active with mid-chain-length alcohols; and a soluble and membrane-bound, NAD-linked hexadecanol dehydrogenase (HDH) apparently induced by growth on hexadecanol and on hexadecane.
MATERIALS AND METHODS
Chemicals. All chemicals and reagents were of analytical reagent-grade quality. High-purity electrophoresis-grade chemicals were used for polyacrylamide gel electrophoresis.
Organism and culture conditions. Acinetobacter sp. strain HO1-N was used exclusively in this study (11) . Stock cultures were inoculated into 0.8% nutrient broth plus 0.5% yeast extract (NBYE) for overnight growth and were subsequently transferred into a basal salts mcdium supplemented with the appropriate carbon source. Cultures were incubated at 30°C on a New Brunswick rotary shaker at 300 rpm.
The basal salts minimal medium (pH 7.8) described previously (11) was supplemented with 0.3% (vol/vol) nhexadecane (Humphreys Chemical Co.), 0.2% (vol/vol) dodecyl aldehyde (Aldrich Chemical Co., Inc., Milwaukee, Wis.), 0.05% potassium palmitate (Matheson, Coleman and Bell), or 0.3% (vol/vol) ethanol. The pH 6.8 basal salts E medium (BSE) contained (grams/liter): K2HPO4, 10.0; NaH2PO4, 5.0; (NH4)2504, 2.0; MgSO4 * 7H20, 0.2; CaC12 -2H20, 0.001; FeSO4 * 7H20, 0.001; and was supplemented with 0.3% (wt/vol) n-hexadecanol (Sigma Chemical Co., St. Louis, -Mo.) plus 0.1% Triton X-100 or 0.3% (vol/vol) n-dedecanol (Aldrich Chemical Co.). The basal salts media were supplemented with 1.8% Noble agar (Difco Laboratories, Detroit, Mich.) plus the carbon source for growth on solid medium. Hexadecane and dodecanol were supplied as vapors from the liquid phase in the lid of the petri dish.
Growth was monitored with a Klett-Summerson photometer equipped with a 420-nm filter or by measurement of cell protein after alkaline digestion at 100°C (10) . Oxygen uptake rates were measured polarographically with a Yellow Springs Instrument model 53 oxygen monitor.
Isolation of ethanol-negative mutants. Stationary-phase NBYE-grown cells were centrifuged at 8,000 x g for 10 min at 25°C. The cell pellet was suspended in 50 mM citratesodium citrate buffer (pH 6.0) plus N-methyl-N'-nitro-Nnitrosoguanidine (NTG) (0.2 mg/ml) and L-cysteine (1.0 mg/ml). After 30 min of incubation at 25°C, the cell suspension was centrifuged, and the resulting cell pellet was suspended in NBYE medium. After an 18-h outgrowth period, the mutagenized cell suspension was centrifuged, and the cell pellet was suspended in the pH 7.8 basal salts medium supplemented with 0.3% ethanol. Ampicillin (2.0 mg/ml) plus cycloserine (0.4 mg/ml) dissolved in 1.0% sodium bicarbonate was added to exponential-phase cells to enrich for ethanol-negative mutants. After 2 h, the cell suspension was centrifuged, and the cell pellet was suspended in NBYE medium for outgrowth (18 h ). This antibiotic enrichment and outgrowth cycle was repeated twice. The surviving cells were screened for growth on ethanol. Alternatively, cells were plated onto indicator plates containing basal salts medium (pH 7.8), 0.1% nutrient broth, 0.3% ethanol, 1.8% Noble agar, and 0.0025% (wt/vol) triphenyltetrazolium chloride, in a modification of the method described by Bochner and Savageau (4). Wild-type, ethanol-positive colonies were red; while ethanol-negative colonies were white.
A second method for isolating ethanol-negative mutants involved using allyl alcohol (2-propen-1-ol) as a suicide substrate to enrich for EDH-negative mutants. In the presence of an active ADH, allyl alcohol is oxidized to the toxic allylic aldehyde, 2-propene-1-al (12, 13) . Spontaneous allyl alcohol-resistant mutants were isolated by incubating wildtype cells for 2 h in basal salts medium (pH 7.8) containing 0.3% ethanol plus 1 mM allyl alcohol. The cell suspension was diluted and plated onto NBYE medium. Survivors were screened directly on the indicator plates described above to detect EDH-negative mutants.
Isolation of hexadecanol-negative mutants. Cells were mutagenized with NTG and subjected to two cycles of cycloserine-ampicillin enrichment on BSE minimal medium supplemented with 0.3% hexadecanol or dodecanol, as described above. After the final enrichment and outgrowth period, cells were screened for growth on hexadecanol or dodecanol.
Preparation of cell extracts and cell fractionation. (i) French pressure cell lysis. Cell lysis and fractionation procedures were routinely performed at 4°C. Cells were suspended in 10 mM Tris chloride buffer (pH 7.8) to a consistency of 1 g of cells (wet weight) per ml. DNase was added at a concentration of 2 ,ug/ml. Cells were lysed by three passages at 12,000 lb/in2 through an Aminco French pressure cell. The cell extract was diluted threefold and centrifuged for 10 min at 12,000 x g. The resulting supernatant was designated the crude extract.
(ii) Cell fractionation. The crude extract was centrifuged for 1.5 h at 225,000 x g in a Beckman L8-55 ultracentrifuge. The resulting pellet was suspended in 10 mM Tris chloride buffer (pH 7.8) and was centrifuged at 225,000 x g for 1.5 h. The resulting pellet was designated the membrane fraction. The supernatant was centrifuged again at 225,000 x g for 1.5 h. The resulting supernatant was designated the soluble fraction.
(iii) Triton-lysozyme lysis of cells. Small-volume (5.0-ml) crude cells extracts were prepared by suspending cells in 2 mg of lysozyme (Sigma) per ml plus 2 ,ug of DNase per ml in 10 mM Tris chloride buffer (pH 7.8) plus 0.5% Triton X-100 for 30 min at 25°C. The suspension was centrifuged for 10 min at 12,000 x g, and the resulting supernatant fraction was designated the crude extract. The protein content of all cell fractions was determined by the method of Lowry et al. (10) .
Induction of enzyme activity. Cells grown to the midexponential phase on NBYE medium were centrifuged at 250C for 10 min at 8,000 x g and suspended in the appropriate basal salts medium plus 0.05% palmitate. Cells were grown on palmitate until the substrate was depleted as measured by endogenous oxygen uptake rates. Potential inducer substrates (ethanol, hexadecane, and hexadecanol) were added to the cell suspension at final concentrations of 0.3%. Samples were removed at intervals for measurement of oxygen uptake or were centrifuged at 40C for 10 min at 8,000 x g. The cell pellet was stored at -200C until lysis by the Triton-lysozyme procedure for determination of enzyme activity. Rifampin (100 ,ug/ml) was added to an equivalent culture 15 min before the addition of the inducer substrate.
During the induction period, 25-ml samples of the cell suspension were removed at intervals into separate flasks containing 10 ,Ci of [U-14C]leucine (specific activity, 346 ,uCi/,umol; New England Nuclear Corp., Boston, Mass.). Cell suspensions were incubated at 30°C with shaking. Maximum ['4C]leucine incorporation into trichloroacetic acid-precipitable cellular protein occurred in 15 min. Consequently, cells were labeled for 15 min and then centrifuged immediately at 40C, washed with the basal salts medium, and centrifuged a second time. Radiolabeled cells were stored at -20°C for lysis by the Triton-lysozyme procedure for subsequent electrophoresis.
Enzyme assays (i) Spectrophotometric assays. ADH and acetaldehyde dehydrogenase (ALDH) activities were determined spectrophotometrically by measuring the rate of NAD or NADP reduction at 28°C with a Cary 219 spectrophotometer (Varian Instrument Co.) at 340 nm. The reaction mixture contained 0.02 M pyrophosphate-phosphate buffer (pH 9.0), the cell extract in 10 mM Tris chloride buffer (pH 7.8), 0.0025 M NAD or NADP (Sigma), and the alcohol substrate in the final concentrations listed below. Water-insoluble substrates were dissolved in 2.5% dimethylformamide, which did not significantly inhibit enzyme activity, as shown in separate experiments. The optimal concentrations of the substrates were: ethanol, 0.52 M; acetaldehyde, 0.33 M; n-propanol and n-butanol, 0.025 M; n-pentanol through n-decanol, 0.5 mM in dimethylformamide n-dodecanol through n-hexadecanol, 0.05 mM in dimethylformamide. Substrates were obtained from Aldrich with the exception of ethanol, propanol, and butanol (J. T. Baker Chemical Co., Phillipsburg, N.J.), n-hexadecanol (Sigma), and acetaldehyde (Sigma).
ADH and ALDH activities were directly proportional to the protein concentration of the cell extract. Enzyme kinetic parameters, the apparent Km and Vmax, were determined graphically by using Lineweaver-Burk plots. Linear regression analysis was performed to calculate the x and y intercepts.
(ii) Radioisotopic assay for HDH activity. ,uCi of [1-'4C]hexadecanol (specific activity, 55.9 ,uCi/,mol; ICN Radiochemicals) which was diluted to 3.95 ,uCi/,umol with n-hexadecanol dissolved in 0.5% dimethylformamide. Alternate electron acceptors tested in the reaction mixture in place of NAD or NADP were dichlorophenol-indophenol, phenazine methosulfate (PMS) (Sigma), phenazine ethosulfate, 3-(4,5-dimethyl)thiazolyl-2,5-diphenyl tetrazolium bromide (MTT) plus PMS, or cytochrome c. The reaction mixture was incubated for 30 min at 30°C. HDH activity was linear for greater than 30 min and was directly proportional to the protein concentration. The reaction was stopped by spotting 50 ,ul of the aqueous reaction mixture directly onto an activated 0.4-mm-thick Silica Gel G thin-layer plate, which was air dried and developed in petroleum etherdiethyl ether-acetic acid (70:30-1, vol/vol/vol). The fatty acid and fatty aldehyde areas of the thin-layer chromatography plate, determined by cochromatography with authentic standards, were collected into scintillation vials, and the radioactivity was determined with a Tracor Analytic 92 liquid scintillation counter. Polyacrylamide gel electrophoresis. Discontinuous polyacrylamide gel electrophoresis was performed with a multiphasic buffer system (final pH 9.0) as described by Rodbard et al. (14) . The stacking gel contained 0.032 M H3PO4, 0.0588 M Tris (pH 7.6), 0.1% Triton X-100, and 4.5% total acrylamide (Bio-Rad Laboratories, Richmond, Calif.) with 2.7% N,N'-methylenebisacrylamide (J. T. Baker Chemical Co.). The running gel contained 0.06 M HCl plus 0.375 M Tris (pH 9.0), 0.1% Triton X-100, and 7.5% total acrylamide with 2.7% N,N'-methylenebisacrylamide. Gels were polymerized with N,N,N',N'-tetramethylethylenediamine (TEMED) (Bio-Rad) and ammonium persulfate (BioRad). The cathode buffer contained 0.0498 M glycine (Sigma) and 0.0519 M Tris (pH 9.0), while the anode buffer contained 0.05 M HCl and 0.0625 M Tris (pH 7.6). Bromophenol blue was used as the tracking dye. Protein samples (25 to 100 pRg) were electrophoresed at 4°C, using an ISCO model 493 power supply in the constant current mode operating at 15 mA for the stacking gel and 25 mA in the lower gel.
Detection of ADH activity (zymograms). ADH activity was localized on native (nondenaturing) gels by the method of Grell et al. (8) . After electrophoresis, the gel was incubated for 30 to 45 min at 25°C in the dark in the following solution: 50 mM Tris chloride buffer (pH 8.8)-0.4 mg of Nitro Blue Tetrazolium (Sigma) per ml-0.08 mg of PMS per ml-0.4 mg of NAD or NADP per ml-0.8% ethanol or 0.06% octanol. A formazan band (insoluble dark blue precipitate) was formed at the site of enzyme activity. The reaction was stopped with 7.0% acetic acid. Stained gels were dried with a Hoefer Scientific Instruments slab gel drier before being photographed.
Autoradiography carbon atoms in chain length were not tested as substrates. ADH activity profiles were similar in cells grown on hexadecane, hexadecanol, dodecyl aldehyde, palmitate, or ethanol. In general, ethanol, propanol, nonanol, and decanol were oxidized at faster rates than dodecanol through hexadecanol or butanol through octanol.
Polyacrylamide gel electrophoresis of crude extracts followed by staining for in situ ADH activity demonstrated the presence of multiple ADH activity bands in Acinetobacter sp. strain HO1-N (Fig. 1) The specific activity of EDH was measured at intervals during the exposure of palmitate-grown cells to the potential inducer substrates ethanol, hexadecane, and hexadecanol (Fig. 2) . The specific activity of the NAD-dependent EDH increased 15-fold upon exposure of cells to ethanol, reaching a maximum in 3 h. Preincubation of cells with rifampin prevented the induction of the NAD-dependent EDH activity. The levels of NAD-dependent EDH activity were constant over the time course of cell exposure to hexadecane or hexadecanol.
To detect the synthesis of specific ethanol-inducible proteins, cells were labeled with ['4C]leucine during exposure to ethanol. A protein band corresponding to ADH-A was intensely labeled within 5 min of cell exposure to ethanol, indicating ADH-A synthesis during the induction period and correlating ADH-A with the inducible, NAD-linked EDH activity (Fig. 3) . ADH-A was not labeled over background levels in palmitate-grown cells (Fig. 3) (Fig. 3) 7 .4 x 10-6 and 1.0 x 10-9, respectively. EDH activity was measured in Eth-mutants and wildtype cells grown on palmitate and exposed to ethanol (Table  3) . Ethl was deficient in NAD-dependent EDH activity, having 6.5% of the wild-type activity. The difference in the levels of NADP-linked EDH activity between Ethl and the wild-type strain was insignificant. Ethl had twofold-higher levels of ALDH activity than the wild-type strain (Table 3) . Eth3 had threefold-higher NAD-linked EDH activity than the wild-type strain and normal levels of NADP-linked EDH activity. Eth3 had significantly reduced ALDH activity, having 12.5% of the wild-type activity (Table 3) . Thus, Ethl was characterized as an EDH-less mutant and Eth3 as an ALDH-less mutant.
On zymograms, ADH-A stained faintly or was absent in crude extracts of Ethl, while the electrophoretic mobility and staining intensity of ADH-B was not altered (Fig. 4) . ADH-A and ADH-B were present and appeared normal in Eth3 (Fig. 3) . Thus, the genetic defect in Ethl which resulted in the loss of the NAD-linked EDH activity also resulted in the loss of the ADH-A isozyme.
Ethl and Eth3 were capable of growth on hexadecane, long-chain alcohols (C12 to C16), and dodecyl aldehyde but not on short-chain alcohols (C2 to C5 for Ethl and C2 to C4 for Eth3). The growth rates for Ethl and Eth3 on hexadecane, hexadecanol, and dodecyl aldehyde were identical to the growth rates of the wild-type strain on those substrates.
HDH activity. The specific activity of HDH was measured spectrophotometrically in crude extracts of exponentialphase cells (Table 4) . NAD-linked HDH activity was similar in extracts of hexadecane-and hexadecanol-grown cells, having fivefold-higher activity than that observed in ethanolor palmitate-grown cells. NADP-linked HDH activity was low in each case (<0.5 nmol/min per mg of protein). The apparent Km of the NAD-linked HDH for hexadecanol was similar in crude extracts of hexadecane-, hexadecanol-, ethanol-, and palmitate-grown cells. The Vmax for the NADlinked HDH was fivefold higher in extracts of hexadecaneand hexadecanol-grown cells than in those derived from ethanol-or plamitate-grown cells (Table 4) .
HDH activity was also detected by measuring the oxidation of [1-_4C] hexadecanol to 14C-fatty aldehyde and 14C- fatty acid in cell extracts with NAD or NADP as a cofactor. This enzyme assay couples HDH activity with fatty aldehyde dehydrogenase activity. Fatty aldehyde dehydrogenase activity was higher than HDH activity in these cell extracts, hence, HDH activity was the limiting step in the reaction (data not shown). NAD-or NADP-independent HDH activity was not detected with dichlorophenolindophenol, PMS, PMS plus MTT, phenazine ethosulfate, or cytochrome c as an electron acceptor in the reaction mixture. NAD-dependent activity was higher than NADPdependent activity, and the addition of NADP to a reaction mixture containing NAD did not stimulate HDH activity. NAD-dependent HDH activity was detected in both the soluble and membrane fractions of crude extracts derived from hexadecane-or hexadecanol-grown cells. Both soluble and membrane-bound HDH activities were unstable, with only 50% of the original soluble activity remaining in extracts stored at -20°C for 48 h (Fig. 5) . Soluble HDH activity was stabilized by precipitation with 50% ammonium sulfate, 15-fold concentration of the precipitate in 0.1 M Tris chloride buffer (pH 7.8), and storage at -20°C.
The specific activity of HDH in hexadecane-and hexadecanol-grown cells varied with the growth phase, reaching a maximum level during late-exponential growth and declining in the stationary phase (Table 5) . HDH activity was constant during cell growth on ethanol or palmitate. HDH activity was 8-to 11-fold higher in extracts derived from late-exponential-phase hexadecane-or hexadecanolgrown cells than in those derived from ethanol-grown or palmitate-grown cells. Preincubation of palmitate-grown cells with rifampin prevented HDH induction in hexadecanol-exposed cells, indicating HDH induction at the level of transcription (data not shown). However, a specific radiolabeled protein band was not detected in extracts of ['4C]leucine-labeled hexadecane-or hexadecanol-exposed cells in comparison with extracts of cells exposed to ethanol and palmitate (data not shown).
In addition, a different ADH band, distinct from ADH-A or ADH-B, was not observed on zymograms of extracts derived from hexadecane-or hexadecanol-grown cells when ethanol or octanol was supplied exogenously as a substrate (Fig. 1) or when longer-chain (C10-to-C16) alcohols were supplied exogenously or incorporated directly into the polyacrylamide gel. Our inability to visualize an ADH specific to hexadecane-or hexadecanol-grown cells on zymograms may reflect HDH instability in situ or substrate insolubility.
NAD-dependent HDH was measured in palmitate-grown Ethl cells after exposure to hexadecane or ethanol. Ethl exhibited wild-type levels of HDH activity in extracts of hexadecane-and ethanol-exposed cells.
Whole-cell oxidation of hexadecanol. Measurement of whole-cell rates of oxygen uptake indicated that hexadecanol oxidation was constitutive in Acinetobacter sp. Hexadecane-grown cells oxidized hexadecanol without a significant lag period. [1-14C] hexadecanol was oxidized by intact cells at an initial rate of 3.5 nmol/min per mg of cell protein, with 80% of the labeled hexadecanol converted to radioactive oxidation products, fatty acid, fatty aldehyde, wax ester, and phospholipid, within 15 min.
Isolation of hexadecanol-negative mutants. Several attempts were made to isolate hexadecanol-negative mutant in Acinetobacter sp. strain HO1-N. More than 10,000 NTGmutagenized colonies were screened for growth on hexadecanol or dodecanol after antibiotic enrichment on those alcohols. Hexadecanol-or dodecanol-negative mu- ALDH, absent in the Eth-mutant Eth3, is required for growth on short-chain alcohols but not for growth on hexadecane, long-chain alcohols, or aldehydes. These data provide genetic evidence that Acinetobacter sp. strain H01-N also contains at least two ALDHs: one required for growth on short-chain alcohols (ALDH) and one for growth on long-chain alcohols and aldehydes. The role of fatty aldehyde dehydrogenases in the dissimilation of hexadecane, hexadecanol, and fatty aldehyde is discussed in the accompanying paper (16) .
EDH and ALDH may be coregulated in Acinetobacter sp. strain HO1-N. The loss of EDH activity resulted in a corresponding increase in ALDH activity in Ethl. Likewise, the loss of ALDH activity in Eth3 resulted in a corresponding increase in EDH activity. Whether the mutations carried by these Eth-mutants lie in the respective EDH and ALDH structural genes or in a regulatory locus is undetermined. In Escherichia coli K-12, ADH and ALDH are coregulated at a common regulatory locus, adh (5, 6).
ADH-B correlates with the NADP-dependent constitutive ADH activity. Ethl had wild-type levels of the constitutive NADP-linked EDH and possessed the ADH-B isozyme. The substrate specificity of ADH-B remains undetermined. However, ADH-B reacts preferentially in situ with octanol, indicating a specificity for mid-chain-length alcohols. ADH-B and the NAD-linked HDH activity differ in their cofactor requirements. ADH-B requires NADP, whereas HDH requires NAD.
This study demonstrates that ADH-A and HDH are different enzymes based on the following evidence. (i) ADH-A is induced during growth on ethanol, while HDH is not coinduced; (ii) HDH is induced in hexadecane-and hexadecanol-exposed cells; while ADH-A is not coinduced; (iii) Ethl, an ADH-A-less mutant, had wild-type levels of HDH activity. Thus, at least three different ADHs are present in Acinetobacter sp. strain H01-N.
ADH multiplicity has been documented in a number of hydrocarbon-utilizing bacteria (15) . Pseudomonas aeruginosa 473 has several soluble, pyridine nucleotide-dependent ADHs of broad substrate specificity and at least two NAD(P)-independent ADHs induced by growth on primary alcohols, alkanes, or a,w-diols (23) . Pseudomonas putida PpG1, a plasmidless strain, has at least two chromosomeencoded NAD-dependent ADHs (9) . P. putida PpG6, which contains the OCT plasmid encoding the genes for an octaneand octanol-inducible, membrane-bound, NAD(P)-independent ADH, also has chromosome-encoded ADH activity (3, 9) . Multiple forms of ADH have also been described in non-hydrocarbon-utilizing bacteria such as Zymomonas mobilis (24) and Comamonas terrigena (1) .
Pyridine nucleotide-independent ADHs, detected by the alcohol-dependent reduction of artificial electron acceptors, have been implicated in bacterial alkane metabolism. These are membrane-localized, inducible, alcohol-oxidizing activities detected in alkane-grown P. aeruginosa (19, 23) , P. putida PpG6 (3, 20) , and A. calcoaceticus 69V (22) 
